Cytosolic glutathione transferase are a family of multifunctional proteins that catalyse the conjugation of GSH to a large variety of endogenous and exogenous compounds. These enzymes have been widely studied in mammals and, to a lesser extent, in plants. In plants, GSTs can detoxify herbicides; they are also induced by pathogenic infection and are likely to be involved in defence responses. GSTs are found in pathogenic and not pathogenic prokaryotes but the functional role played by these enzymes in the cell still remains to be clarified. Here, we report the purification and characterisation of two GST's forms from Rhizobium leguminosarum that play a very important role in agriculture by inducing nitrogen-fixing nodules on the roots of legumes. These bacterial GSTs from R. leguminosarum have immunological characteristics that are different among them and they are characterised both by a high affinity to herbicides.
The availability of nitrogen in the soil is a major limiting factor in agriculture, despite the fact that the atmosphere is comprised of 80% nitrogen. This apparent paradox is due to the fact that atmospheric nitrogen (N z ) is very stable chemically and only organisms belonging to the group of prokaryotes (and no eukaryotic organisms) are capable of reducing nitrogen to a combined form, which can be assimilated biologically. The most efficient nitrogen-fixing systems are those which couple the energy intensive chemical reduction of molecular nitrogen to photosynthesis. Bacteria of the genera Rhizobium are soil bacteria capable of eliciting on the roots of leguminous plants specialised root organs, known as nodules, in which they reduce dinitrogen. In this unique association between eukaryote and prokaryote the plant provides a source of energy and an ecological niche for the bacterium, which in return synthesises ammonia for the host plant.
Rhizobium leguminosarum plays a very important role in agriculture by inducing nitrogenfixing nodules on the roots of legumes such as peas, beans, clover and alfalfa (l,2) . In this study we identified two proteins of the glutathione S-transferase (GST) family in the cytosol ofthis bacterium. Cytosolic glutathione transferase are multifunctional proteins that catalyse the conjugation of GSH via the thiol group to a large variety of hydrofobic electrophilic compounds, resulting in their detoxification. They can also catalyse the reduction of peroxide molecules (3) (4) . In mammals, the cytosolic GST isozymes are of at least four distinct classes, alpha, mu, pi and theta, according to their substrates specificity, immunochemical reactivity and their primary amino acid sequences (5) . These enzymes have been widely studied in mammals and, to a lesser extent, in plants. In plants, GSTs can detoxify herbicides such as atrazine (6) ; they are also induced by pathogenic infection and are likely to be involved in defence responses (7) . Also, GSTs are widely distributed in nature because they are found in all eukaryotes and many prokaryotes (5, (9) (10) (11) (12) . They are dimeric proteins grouped into at least ten geneindependent classes named Alpha, Beta, Delta, Kappa, Pi, Mu, Theta, Zeta, Sigma and Omega, on the basis of different amino acid sequences and substrates specificity (13) (14) (15) (16) (17) .
Much is known about cytosolic mammalian GSTs. These enzymes have been widely studied in mammals and, to a lesser extent, in plants. In plants, GSTs can detoxify herbicides such as atrazine (6) ; they are also induced by pathogenic infection and are likely to be involved in defence responses (7) . The presence of GSTs in several aerobic and anaerobic microorganisms has also been demonstrated (9) (10) (11) . Bacterial GSTs appear to be structurally, kinetically and immunologically different from mammalian GST (18) .
Several findings seem to suggest that bacterial GSTs are involved in the processes ofbiodegradation of xenobiotics (9) (10) (11) (12) . However, the functional role played by these enzymes in the cell still remains to be clarified. At present it is also not clear whether bacterial GSTs can be classified, as in the case of mammalian enzymes, into several distinct classes. Thus, the understanding of structural, immunological and functional properties of GSTs from other bacterial strains appears very important.
Here, we report the purification and characterisation oftwo GST' s forms from Rhizobium leguminosarum. The results indicate that these two GST's forms have immunological and functional properties (19) different from other already known GSTs. This GST's forms are characterised by high affinity to herbicides.
MATERIALS AND METHODS
Bacterial strain R. leguminosarum was used throughout this study. It was stored in aliquots with 20% glycerol at -70°C.
Media
Liquid medium consisted ofYMM (Yest Mannitol Mineral) containing K ,: H 2 P0 4 2,1%, K 2 : HP0 44,3%, MgS04 1,7%, NaCI 0,8%, yeast extract 5, I% and mannitol 86%. Solid medium consisted ofYMA (Yest Mannitol Agar) containing agar and the other substances containing in YMM.
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At the start of each experiment, one aliquot of the strain was suspended in 10 mL of YMM plus two HCI drops and incubated at 25°C for 50 hours. Cells were used to inoculate 4 L of the same liquid medium and the culture was then incubated under standard growth conditions (25°C) until a culture turbidity of 0.5-0.6 A 600 was reached; cells were washed twice with 10 mMpotassium phosphate buffer pH 7.0 containing ImM EDTA and ImM dithiothreitol (DTT) and disrupted by sonication (20 bursts of I min each, at 300W). The particulate material was removed by centrifugation at 105.000 x g for I hour and the supernatant was loaded onto a GSH-Sepharose affinity column (9) . SDS-PAGE in discontinuous slab gel was performed according to Laemmli method (18) . The SDS concentration was 0.1% (w/v) and the spacer and the separating gels contained 3% and 12.5% (w/v) acrylamide, respectively. Bovine serum albumin (MW 64.000), ovalbumin (MW42.000), carbonic anhydrase (MW 30.000), soybean trypsin inhibitor (MW 21.000) and a-lactalbumin (MW 14.000) were used as standards.
The presence of two GST's isoforms has been found in R. leguminosarum by SDS-page analysis when two bands are resulting. The two isoforms have been separate through a I.E.F. column (110 ml; LKB Produkter, Stockholm, Sweden) container the 3% of anfoline for the break of pH 5-8, in gradient of denseness of sucrose to the 0,28%. After focusing for 48 hours at 4°C and attainment of the final voltage of750 V has been effected the elution of the column (18) . hGSTPI-I (pi class) and hGSTAI-I (alpha class) were obtained by the expression of cloned cDNA in Escherichia coli XL-I Blue (Stratagene, La Jolla, C.A. USA) as previously described (20) (21) (22) . The subsequent enzyme purification was performed as already reported (23) with the only modification ofthe protein purified on a GSH-Sepharose affinity column (24) . GST-6.0 from P. mirabilis and GST II from human uterus (mu class) were purified as previously reported (9, 16) . The antibodies against the two GST from Rileguminosarum have been prepared as previously described. The antibodies against the GST A isoform and against the GST B isoform have been assayed, through simple chemiluminescence, in a first moment,withboththeGSTsisoformsofR. leguminosarum and then with different GSTs purifies in precedence from mammals and other bacteria (9) (10) 20) .
The binding to herbicides to the purified enzymes was measured by following the quenching of the protein intrinsic fluorescence upon addition of substances. Measurements were made in 10 mM potassium phosphate buffer pH 7.0 with a Spex (fluoromax model) spectrofluorometer. The decrease of the intrinsic fluorescence upon addition of the herbicides was followed at 350 nm, while exciting at 280 nm, with a slit with of 3 nm. The absorbance of solutions containing the herbicides at 280 nm was lower than 0.1 A so that no corrections were made for the inner filter effect. Dissociation constants (Kd) were calculated from a plot of the reciprocal of the change in fluorescence (dF) against the free ligand concentration as previously reported (4). Enzyme concentration was 3 mM and corrections were made for dilution. GST activity with various substrates was performed as previously determined (13, 25) . Protein concentration was determined by the method of Bradford with 'V-globulin as standard (26) .
In order to determine the secondary structure content of proteins, Circular Dichroism (CD) spectra were measured at 25°C using a lasco 1600 spetropolarimeter in the far-u.v. region, between 200 and 250 nm. Experiments were performed at 4 I-1M protein concentration in a cuvette of 0, 1 em width. Using a bandwidth of 1 nm and scan speed of 100 nm/min, each sample was measured five times, and the scans were automatically averaged. Each spectrum was corrected using the corresponding blank containing the buffer alone. To estimate the relative fractions of secondary structure, the corrected CD spectra were fitted by the linear leastsquares procedure (26) .
RESULTS

Structural and immunological properties of two GST'sfo rms from Rhizobiurn Ieguminosarum.
The data reported here indicate that the two GST's forms from Rhizobium leguminosarum possess functional properties clearly distinguishable from P. mirabilis GST and Haemophilus influenzae GST (27) (28) , as well as from other purified isoenzymes belonging to pi, alpha and mu classes, as reported in the Tab. 1.
R. leguminosarum bacteriallysates showed a GSH conjugating activity of 0,007 U/mg toward CDNB. After a single-step affinity chromatography performed on a GSH-Sepharose column, the eluate produced two bands either on SDS PAGE (FIG. 1 and 2 ) and 1.E.F and these two bands are characterised by molecular weights of 22,5 KDa for the first isoform (GST A) and 23 KDa for the second isoform (GST B) and by isoelettrics points of 5,12 and 6,64, respectively. The specific activity of the purified enzymes were 0.016 U/mg (GST A) and 0,026 U/mg (GSTB) (Tab.!). Antisera prepared against GST -6.0 from Proteus Mirabilis, hGSTP1-l (class Pi), GST II from human uterus (class Mu) and hGSTA1-l (class Alpha) did not react in Ouchterlony experiments (not shown) with the two GST's isoftrsms purified from R. leguminosarum, It should be noted that all antibodies used cross reacted only with members of the GST class they were prepared against.
The antibodies prepared against these two enzymes did not react with the principal classes of human or bacterial refined GSTs (8-9, 19, 26) . Momentous datum is that the antibodies prepared KdGSTB(Il M±S .D.) 2 .13 (± 0,6) 0.51 (± 0,1 ) 3,08 (± 0,5) 21000 / ' Z lOO ag ainst the se two GSTs are spe cific of ea ch form : the antibody A prepared against the GST A form reacted alone with the GST A and not with the GST B; vice versa the antibod y against the GST B form reacted only with the GST B and not with the GST A. This datum highlights that the two isoforms hav e immunologic al d ifferences among of them . The nati ve CO sig na ls ha ve ind icated a sub stanti al loss of the alpha hel ix structure of the two proteins purified from R. legumin osarum (not shown).
Kinetic properties and herbicides binding capa city
The substrate spec ificity of the two GST' s isoforms from R. legum inosarum and other isoforms belonging to different GST classe s are shown in Tab .l . The catalytic capability of the two enzyme s purified from R. legum inosarum toward CONB was lower than that shared by other GST isoenzymes. The highest specific acti vit y (0, 036 U/mg for GST A and 0,049 U/mg for GST B ) wa s determined for cumene hydroperoxide that is considered a typical Alpha-class sub strate marker. The results show, infact, that the highest catal ytic capability toward thi s subs trate (5.0 U/mg ) was shared by hGSTA I-I , an Alpha class isoenzyme .
The binding ca paci ty of tree herbicides, tak en in consideration because belonging to three chem ical different classes and bec au se they are among the more used in agriculture, to the two GSTs from R. leguminosarum was determined by following the quenching of the intrinsic tryptophan fluorescence . It should be noted that subs tances tested here belong to different classes of herbicides (29 ) . All the se substances had a high affinity to the enzyme (T ab.2) with dis sociation con st ant s ranging from 0,59 IlM for Clopyralid to 3,21 IlM for Oicamba; the se affinity values were very bigger than those found for the GST of Ochroba ctrum anthropi (30) . GSTs ha ve been extens ively stud ied in several species, including mammal s, in which multiple isoforms, composed of two subunits, are present. Howe ver , much less information is available on the pre sence, structure and biological fun ction s of bacterial GSTs.
The catalytic capa bility towards selected substrates is considered an important criterion to distinguish among different GST isoforms. Our results indicate that the substrate specificity of the GSTs purified from Rhizobium leguminosarum is not reminiscent of that of other GST classes. As opposed to other GST forms, the highest specific activity of this bacterial enzyme was determined for cumene hydroperoxide, which is a typical Alpha class substrate. These results indicate that kinetic properties of these enzymes are different from those of other mammalian and bacterial GSTs. Moreover, these enzymes are immunologically distinct from Proteus mirabilis GST-6.0, hGSTP I-I (class Pi), GST II from human uterus (class Mu) and hGSTA I-I (class Alpha), indicating that the epitopes of these bacterial enzymes are different from that of other GSTs tested here. The more important data is that these two proteins have immunological differences among them; this result in fact highlights that the two GSTs from R. leguminosarum are two different functional and immunologic GST forms. The results also show that these proteins share a binding capability toward herbicides much higher than those previously determined with other bacterial GSTs and, it is noteworthy, that the herbicides used here are particularly effective' against plants. However, whether these novel GSTs are involved in the bacterial resistance cannot be decided on the basis of the data available. The results reported here -prornpt us to further investigate this area.
